Introduction
Out-of-hospital cardiac arrest (OHCA) is an important health care issue. In a systematic review of over 60 studies, the incidence and outcome of OHCA varied greatly. The mean incidence of adult OHCA globally was estimated to be 55 per 100 000 person-years and the survival-to-discharge rate ranged from 2% to 11%. 1 Lack of uniform reporting practices is believed to be one of the reasons for this variability. In Hong Kong (HK), there have been at least four studies since 1995 reporting the outcome of OHCA. [2] [3] [4] [5] All were either a single-centre study or recruited cases from a particular district of HK. The survival-to-discharge rate was between 0.5% and 3%. [2] [3] [4] [5] There was no estimate of the incidence New knowledge added by this study • The prognosis of out-of-hospital cardiac arrest in Hong Kong remains poor. Location of arrest, a shockable electrocardiogram rhythm on presentation, and short time to first defibrillation predict survival at 30 days.
Implications for clinical practice or policy
• Hong Kong is in need of a territory-wide public access defibrillation programme and enhanced cardiopulmonary resuscitation training of the public.
of OHCA and the reporting style also varied. This study is the first local territory-wide investigation of OHCA. The objective was to evaluate the epidemiology and outcomes of OHCA in HK. It is hoped that lessons can be drawn from the findings to improve OHCA survival locally.
Methods
Hong Kong covers approximately 1100 km 2 with a population of about 7.3 million. In 2014, it attracted nearly 61 million overseas visitors. 6 The emergency medical service (EMS) is provided by the Hong Kong Fire Services Department (FSD) and is a one-tier system. The EMS dispatchers do not give advice about Outcome data (whether there was return of spontaneous circulation before arrival at the ED; whether resuscitation was conducted in the ED; whether the patient survived to hospital admission, at 30 days, or to hospital discharge; and neurological status on hospital discharge) were collected by the Medical Director of the FSD from hospital records on the electronic database of the Hospital Authority. Patients of all ages were included in this study. Exclusion criteria were OHCAs caused by trauma or those victims directly transferred to the public mortuary from scene by EMS personnel, and patients not using a ground ambulance. Data were reported according to the Utstein style. 7 Descriptive statistics were used to describe the patients, OHCA, and timeliness of the EMS. Patients who survived at 30 days were compared with non-survivors in terms of patient characteristics, OHCA characteristics, and the EMS response time. Significance testing by Chi squared test and Mann-Whitney U test was done for categorical and continuous variables, respectively. A P value of <0.05 was considered statistically significant. To identify predictors of 30-day survival, multivariate logistic regression with backward stepwise selection was performed. Covariates used in the analysis were age, gender, arrest location, witnessed arrest, bystander CPR, bystander AED, initial shockable rhythm, recognition to activation interval, time taken to reach the patient, time to first defibrillation, and time to ED arrival. 
Results
The EMS attended 5154 OHCAs during the study period. This corresponded to 72 arrests per 100 000 persons (based on the Hong Kong Monthly Digest of Statistics published by the Government). 8 The median age of patients was 80 years. Males outnumbered females by 12% and approximately 60% of OHCAs were unwitnessed. The arrests most commonly occurred at the patient's home. Bystander CPR and AED were performed in 28.8% and 1.4% of cases, respectively. Asystole was the initial ECG rhythm on site in approximately 80% of patients. Ventricular fibrillation (VF) or ventricular tachycardia (VT) was evident in only 8.7% of patients ( Table 1) .
The median response time of the EMS was 9 minutes. The median time to administration of first defibrillation was 12 minutes ( Table 2 ). The time to coronary reperfusion was not available from the database.
Of the 5154 cases, 162 (3.1%) had return of spontaneous circulation (spontaneous circulation with a palpable pulse) on hospital arrival; 788 (15.3%) patients survived to hospital admission; and 121 (2.3%) were still alive at 30 days or survived to hospital discharge and 78 (1.5%) had a good neurological outcome (defined as cerebral performance category score ≤2) [ Table 3 ]. Survivors and non-survivors were compared, and statistically significant differences were found regarding age, gender, location of arrest, witness status, bystander defibrillation, initial ECG rhythm, recognitionactivation interval, time from call receipt to patient's side, and time to first defibrillation (Table 4) . Further analysis with multivariate regression analysis identified location of arrest, initial ECG rhythm, and time from call to first defibrillation as independent predictors of survival at 30 days ( Table 5 ). The Hosmer-Lemeshow test yielded a P value of 0.82.
Discussion
This is the first territory-wide study that reports the epidemiology and outcomes of OHCA in HK. The incidence of 72 arrests per 100 000 persons is higher than the global average of 55 per 100 000 personyears. An ageing population, of whom nearly 15% are older than 65 years, probably contributes to this Public place (excluding street) † 542 (10. Good neurological outcome on hospital discharge
(1.5)
Abbreviations: CPR = cardiopulmonary resuscitation; ED = emergency department; EMS = emergency medical service; IQR = interquartile range * Range, 1-142 mins; in 5.1% (261/5154) of cases, the interval was ≤5 mins † Defibrillation either by bystanders or EMS Abbreviations: ED = emergency department; ROSC = return of spontaneous circulation difference. 9 The significance of an ageing population in HK is also reflected by the high median age of 80 years. The OHCA patients in HK are older than those in Japan and are probably the oldest in Asia. 10 Nearly 30% of OHCAs occurred in a home for the aged (HFA) or nursing home for the elderly. Whether this is a contributing factor to the relatively low survival rate revealed by this study is unclear.
In the 1990s, it was suggested that the prognosis of OHCA in nursing home residents was dismal.
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More recent studies, however, have revealed contradictory results. A Danish study published in 2014 found similar survival rates between nursing home and non-nursing home victims of OHCA. 12 On the contrary, a study in Melbourne showed that survival following OHCA that occurred in residential Call-to-EMS CPR 9 (7-13) 10 (8-13) 0.164
Call-to-first defibrillation 10 (7-13) 13 (10-18) <0.001
Abbreviations: AED = automated external defibrillator; CPR = cardiopulmonary resuscitation; ECG = electrocardiogram; ED = emergency department; EMS = emergency medical service; HFA = home for the aged; IQR = interquartile range; OHCA = out-ofhospital cardiac arrest; PEA = pulseless electrical activity; VF = ventricular fibrillation; VT = ventricular tachycardia aged care facilities was poorer than that occurred elsewhere. 13 In HK where 30% of OHCAs occur in a HFA, the prognosis of local HFA residents with cardiac arrest warrants further investigation. The bystander CPR rate of 28.8% revealed by this study has almost doubled from 15.6% in 1999. 3 There is still room for improvement, however. Communitybased CPR education programmes are ideal as public knowledge and attitudes towards CPR are poor. 14 The rate of defibrillation by bystanders was very low. This is due to the absence of a comprehensive programme of public access to defibrillation in HK. This study also revealed a drop in the percentage of VF/VT as the initial rhythm from 14% in 1999 to 8.7% in this study. 15 This decline is compatible with the findings reported elsewhere. 16 It remains to be determined whether this is due to the drugs used in treating coronary artery disease.
The local EMS response time (time between call receipt and reaching the patient) of 9 minutes is in the mid-range compared with major Asian cities. 10 The call-to-first defibrillation interval of 12 minutes is long. This is probably related to the AED protocol at that time. In cases of unwitnessed arrest, the ambulance crews were required to perform 2 minutes of CPR before rhythm detection. With a time lag of 12 minutes, the chance of successful defibrillation by the EMS would be low. Of note, HK is a highly urbanised and densely populated metropolis. Improving the timeliness of the EMS may be difficult because of traffic congestion. Promotion of public access to defibrillation with a consequent reduced time between OHCA and delivery of the first defibrillation in appropriate patients may improve the success of resuscitation for OHCA victims. Moreover, since 2015, the AED protocol used by the EMS has been amended to immediate rhythm detection even for unwitnessed arrests.
The survival rate of 2.3% in HK is low compared with western countries. 1 It is also at the lower range of survival rate among the major Asian cities. 10 A high median age of OHCA patients in HK may be a factor, but it is not the only cause. A US study of over 100 000 patients found that age alone was not a good predictor of outcome. 17 In another Swedish study, it was found that in the presence of favourable resuscitation factors-eg witnessed arrest, cardiac aetiology with VF as the initial rhythm-a survival rate of 10% could be achieved even in those aged 90 years or above. 18 Another explanation for the low survival rate in HK is the low percentage of VF/ VT as the initial rhythm. Patients with OHCA with a rhythm other than VF have been shown to have a worse prognosis. 15 The low rate of VF/VT may in turn be influenced by the low bystander CPR rate and a large proportion of OHCAs being unwitnessed. Another factor contributing to the low survival rate is that HK EMS personnel have to treat almost every patient with OHCA, even when it is clear they are deceased or have been dead for some time. If a protocol permitted EMS personnel to withhold CPR from the obviously dead, the calculated survival rate would have been higher than 2.3%. Although there was a significant difference between survivors and non-survivors at 30 days or on hospital discharge in terms of age, gender, location of arrest, witness status, bystander defibrillation, initial ECG rhythm, recognition-activation interval, time from call receipt to patient's side, and call-to-first defibrillation interval, only three were independent predictors of 30-day survival. Arrest occurring en-route to hospital is the most powerful one. This is not unexpected as immediate life support measures can be instituted by the EMS. Collapse in public areas also favours survival as the arrest is more likely to be witnessed and resuscitative measures implemented sooner. The finding that the presence of a shockable initial rhythm and prompt defibrillation favours survival concurs with multiple studies of the relationship between VF/VT in OHCA and survival. 19 Bystander CPR was not a significant predictor of survival in this study, contrary to the common belief that bystander CPR improves survival. This raises the concern that in those 28.8% of OHCA victims who received bystander CPR, the quality of CPR was suboptimal. This warrants a separate investigation.
Limitation
The primary limitation of this study was that the analysis was based on data collected for 12 months 
Conclusion
In the presence of an ageing population, OHCA is becoming a significant health care problem in HK. The survival rate of OHCA patients is low. Targeted measures such as implementation of a territorywide public access defibrillation programme and community-based CPR education and training are needed to improve the chance of survival following OHCA.
